Previous studies have suggested that men and women process emotional stimuli differently. In this study, we examined if there would be any consistency in regions of activation in men and women when processing stimuli portraying happy or sad emotions presented in the form of facial expressions, scenes, and words. A blocked design BOLD functional magnetic resonance imaging paradigm was employed to monitor the neural activities of male and female healthy volunteers while they were presented with the experimental stimuli. The imaging data revealed that the right insula and left thalamus were consistently activated for men, but not women, during emotion recognition of all forms of stimuli studied. To further understand the imaging data acquired, we conducted the protocol analysis method to identify the cognitive processes engaged while the men and women were viewing the emotional stimuli and deciding whether they were happy or sad. The findings suggest that men rely on the recall of past emotional experiences to evaluate current emotional experiences. This may explain why the insula, a structure important for self-induced or internally generated recalled emotions, was consistently activated in men while processing emotional stimuli. Our findings suggest possible gender-related neural responses to emotional stimuli. Molecular Psychiatry (2005) 10, 450-455.
It is a common belief that women are more emotional than men. Do men and women, then, process emotional stimuli differently? Sex differences in brain anatomy 1, 2 and cognition 3, 4 have been increasingly documented. For example, Gur et al 5 observed that women have larger orbital frontal cortices than men and speculated that women have greater tissue volume available for modulating amygdala input leading to gender differences in emotional behavior, particularly aggression. However, studies addressing sex differences in neural activity associated with processing emotional stimuli remain scarce.
Kesler/West et al 6 used fMRI to investigate explicit processing of facial emotions including happiness and sadness. They observed that men showed greater left hemispheric activation when observing sad faces than when observing happy faces. No such differences between the emotions in either hemisphere existed among women. Lane et al 7 used PET to study the neural correlates of pleasant and unpleasant emotions, and observed both common and unique components of the neural networks mediating the emotions in healthy women. Canli et al 8 studied sex differences in the neural basis of emotional memories and observed that women had significantly more brain regions than men in which greater activation correlated with both emotional-intensity ratings and better recognition memory for the most emotionally intense picture selected from the International Affective Picture Series (IAPS) 9 and by successful encoding of that experience into long-term memory. In a prior study, Lee et al 10 examined the effect of sex on brain activity during the viewing of alternating sets of faces depicting happy or sad expressions in photographs of Japanese adults selected from Matsumoto and Ekman's Pictures of Facial Affect. 11 Consistent with the findings of Canli et al, 8 the imaging data suggested that male and female subjects used a rather different set of neural correlates when processing faces showing either happy or sad expressions, and that this was more noticeable when they were processing faces portraying sad emotions than when they were processing faces portraying happy emotions. The findings of both Canli et al 8 using IAPS pictures and Lee et al 10 using faces of emotional expressions tend to favor the cognitive-style hypothesis that men and women deploy different neural circuits for processing emotional stimuli.
Based on the findings in our prior study, 10 we examined if there would be any consistency in regions of activation in men and women when processing emotional stimuli of various kinds, a question that has not yet been addressed. Knowledge about such sexrelated characteristics in processing emotional stimuli is essential to understanding the processes and mechanisms underlying gender-related vulnerability to the prevalence and severity of certain neurobehavioral disorders such as mood disorders. 12 Such knowledge is important for guiding future research in developing preventive measures and early intervention strategies.
Methodological differences limit the validity of crosscomparisons of the findings obtained from studies conducted in different experimental, cultural, and ethnic settings. 13 We therefore employed a blocked 'box car' design BOLD fMRI paradigm to investigate if sex-specific brain regions would be consistently activated when performing recognition of stimuli of happy or sad emotions presented in the form of facial expressions, scenes, and words.
Materials and methods

Participants
The subjects were eight male and eight female righthanded postgraduate students (19) (20) (21) (22) (23) (24) (25) (26) 39) ) (P40.05), with no history of neurological or psychiatric illness, and normal visual field and attention. Subjects were excluded if they ever had any head injury, neurological illness, or psychiatric illness. Informed consent was obtained from all the subjects after the nature of the study was explained. They were strongly right handed, as judged by the handedness inventory devised by Snyder and Harris. 14 
Stimuli characteristics
Neural activity associated with the recognition of three types of emotional stimuli, namely faces, scenes, and words, were monitored by a blocked fMRI design during the viewing of three types of emotions: happy, sad, and neutral. Validated stimuli presenting happy or sad emotional faces, scenes, or words were selected as the stimuli. In the condition of happy or sad emotion, facial expressions, scenes, or words presenting or implying happiness or sadness was used as the stimuli. In the happy condition, a selected happy stimulus was paired with a neutral stimulus in each trial for the subject to recognize and choose the stimuli portraying the happy emotion. For the sad condition, sad stimuli were paired with neutral stimuli for emotion recognition.
For faces of emotional expressions, 12 photographs of Japanese adults with higher validity (as demonstrated by the obtained agreement level in a previous study conducted by Matsumoto and Ekman) were selected from Matsumoto and Ekman's Pictures of Facial Affect. 11 Four of these pictures depicted happy facial emotions, four sad, and four neutral. To balance the gender effect of the stimuli, half of the photographs were of men and the other half were of women.
For emotional scenes, 12 photographs were selected from the International Affective Picture System 15, 16 by two experimenters that depicted the following emotions: happy, sad, and neutral. The pictures were selected only if a unanimous decision regarding the conveyed emotion was reached by both experimenters. In order to match them with a previous set of photographs depicting basic human emotions (Matsumoto and Ekman 11 ), the photographs in the present study were converted to a gray-scale format. This minimized the loading time for each photograph in the computer program, thus reducing any possible experimental confounding due to time lags between the presentations of different photographs.
For emotional words, Chinese words with two characters depicting happy, sad, and neutral emotions were used. These words were extracted from the Frequency Dictionary of Modern Chinese 17 so that the frequency of each of the Chinese words in the three groups was the same. A word was selected only if a unanimous decision regarding the conveyed emotion was reached by both raters.
In the activation condition, the selected emotional stimuli were arranged in pairs in the experimental and control conditions: one showed the happy or sad emotion and the other showed the neutral emotion. The subjects indicated which of the pair of stimuli portrayed the target emotion, either happiness or sadness, by pressing the response buttons. In the control condition, pairs of neutral stimuli were presented. The subjects were simply required to look at the photos. Our original version of control condition was to request the subject to make a gender decision by pressing a button. However, in our pilot test, the subjects reported that they tended to make the judgment of the emotion portrayed or implied by the stimuli, worse when button pressing was required, although neutral stimuli were used. In order to preserve the neural signals associated with emotion recognition after contrast comparison, the control condition was modified such that it did not require the subjects to make any explicit judgment of the stimuli.
Procedure
Neural activation was monitored using a 1.5 T Magnetom Vision MRI scanner (Siemens, Erlangen, Germany) at the Chang Gung Memorial Hospital. The stimuli were shown through a goggle display system (Resonance Technology Inc., CA, USA). Prior to the MR imaging, the subject was visually familiarized with the procedures and the experimental conditions to minimize anxiety and enhance task performance. Following this familiarization, the subject lay supine on the scanning table and was fitted with plastic ear-canal molds. The subject's head was immobilized by a tightly fitting, thermally molded, plastic facial mask that extended from the hairline to the chin. 18 Three fMRI sessions were conducted, one for each kind of emotional stimuli. In each session, there were two experimental conditions, happiness or sadness, and each block represented one of the two conditions. In each block, the subject was first presented with the instruction for 2 s, then visual fixation on a crosshair for 1 s, then a pair of photos for 2 s, followed by visual fixation on a crosshair for 1 s. There were 10 trials in each block. The total duration per condition was 33 s. For facial emotion recognition, five of the 10 trials were of men's photos and the other five were women's photos. Each experimental condition was repeated three times and the order of presentation was counterbalanced. The subject indicated his or her emotional recognition response to the stimuli by pressing a response button.
A single-shot T2*-weighted gradient-echo planar imaging (EPI) sequence was used for the fMRI scans; the slice thickness ¼ 5 mm, the in-plane resolution , and the acquisition matrix was 64 Â 64 mm 2 . In all, 24 contiguous axial slices were acquired to cover the whole brain. The anatomical MRI was acquired using a T1-weighted, three-dimensional, gradient-echo pulse sequence. This sequence provided high-resolution
) images of the entire brain.
Data analysis
We used Matlab (The Math Works Inc., Natick, MA, USA) for image data processing. 19 Each subject's raw data were spatially smoothed by convolution with a three-dimensional, 1.5-voxel (4.95 mm) FWHM Gaussian kernel, and motion was corrected with a sixparameter, rigid-body algorithm using MEDx (Sensor System Inc., Sterling, VA, USA). Skull stripping of the three-dimensional MRI T1-weighted images was carried out using Alice (Perceptive Systems Inc., Boulder, CO, USA) and MEDx. These images were then spatially normalized to the Talairach brain atlas using the Convex Hull algorithm. 20 To obtain the activation maps, for each subject, functional images were separated into the experimental, happy or sad, and control conditions. Images from the first 9 s of each condition were excluded from further functional data processing to minimize the transit effects of hemodynamic responses. Activation maps were calculated by comparing images acquired during the experimental condition with those acquired during the control condition using a students' group t-test. Like the T1-weighted anatomical images, the activation maps were also spatially normalized into Talairach space using the Convex Hull algorithm. The averaged activation maps of each group, with a t-value threshold of 3.3 and a cluster threshold of 360 mm 3 (Po0.05, corrected), calculated based on the program 'AlphaSim', 21, 22 were then overlaid on the corresponding T1 images. For each condition, Talairach coordinates of the center-of-mass and volume (mm 3 ) of the activation clusters were determined, based on the averaged activation maps. Anatomical labels (lobes, gyri) and Brodmann area (BA) designations were applied automatically using a three-dimensional electronic brain atlas. 23 To identify sex-related regions of activation common to all three forms of happy or sad emotional stimuli, a conjunction procedure was conducted by overlaying activation maps of the three forms of stimuli, faces, scenes, and words, for each of the emotions studied, happiness or sadness. Conjunction analysis allows for locating the regions of the brain where test statistics of the subject of the same sex being presented the stimuli of the same emotion category, namely happy or sad, that exceed a fixed threshold. 24 Conjunction analysis, according to Friston et al, 24 is a net test for random effect.
Results
All 16 subjects scored about 95% on the experimental tasks of emotion identification.
As seen in Table 1 , sex differences in the neural correlates of processing emotional stimuli were again confirmed. Brain activation in a large network of neural structures in both sexes was observed. The areas of activation when our male and female subjects performed facial emotion recognition of happy or sad emotions were mostly comparable with the findings of our prior study. 10 The conjunction method was employed to identify areas of activation common to all three forms of emotional stimuli. The results are shown in Figure 1 .
Our imaging data indicated that activation of the right insula and left thalamus were universally observed in men across both emotional states and all three forms of stimuli. However, no such consistent neural activation was observed in the female subjects. Activation of the motor system was observed in both gender groups (left M1 and SMA) and was likely related to the pressing of the buttons during the experiments. This motor confound, introduced as a result of the choice of the control condition adopted for this study to maximize the neural signal associated with emotion recognition, is one of the limitations of this study. Since activation of the motor network does not seem to be associated with emotion recognition, for example, 7, 25, 26 the resulting motor activation was not further discussed in this paper.
Discussion
The brain activation observed in this study is consistent with the literature in the field that suggests that dissociable neural mechanisms are involved in processing happy or sad emotions. [25] [26] [27] Some regions of activation reported in these previous studies, however, were not observed this time. This discrepancy is likely related to methodological variations. 13 There is really not a lot of consistency in regions of activation across the experimental conditions in men and women. Furthermore, women did not tend to use any consistent neural circuits for processing emotional stimuli. These observations add to the literature as well as provide very strong support to the speculation that men and women recruit different neural networks for processing emotional materials. Furthermore, could women's susceptibility to affective disorders be related to the lack of consistent neural circuits for emotional processing? The neural mechanism underlying women's vulnerability to affective fluctuations is an important scientific question awaiting verification in future research.
Seidlitz and Diener 3 propose that women may differ from men in how they encode, rehearse, or respond to affective stimuli. Canli et al 8 suggest a gender difference in cognitive encoding strategies, implying that neural and cognitive associations of emotional stimuli are gender-specific. Activation of the right insula and the left thalamus was consistently observed in our male subjects across the three types of stimuli depicting either happy or sad emotions. We know that activity of the insula is associated with both self-induced or internally generated recalled emotions. 13, 28 At the same time, it monitors the ongoing internal emotional state of the organism 29 via the extensive multimodel sensory inputs and reciprocal connections with the amygdala, the hypothalamus, the cingulate gyrus, and the orbitofrontal cortex. 30, 31 Furthermore, consistent with the findings of Canli et al, 8 the activation of the left thalamus in our male subjects was observed. The thalamic activation may relate to the subcortical integration of visceral responses and emotion arousal for further interaction with the cortical regions. 8 Our findings suggest the possibility that men rely more heavily on emotional recall while processing emotional stimuli.
To further understand this sex-related phenomenon so as to add meaning to the imaging data acquired, we conducted the think aloud protocol analysis method on five male and five female university students to identify the cognitive processes engaged while they were viewing and deciding whether the emotional stimuli were happy or sad. Potential questions for used in the protocol analysis were drafted by the experimenters of this study. These questions were then reviewed, refined, and finalized by an expert panel of psychiatrist, psychologist, statistician, cognitive neuroscientist, and male and female graduate students (whose ages were matched to the students participating in the protocol analysis). To understand how these qualitative responses should be classified, a psychologist blind to the experimental condition reviewed the responses of all 10 subjects. A classification into the categories of 'recall' (ie emotion recognition is associated with some factual events or objects) or 'feeling' (ie emotion recognition is associated with emotional descriptors, like feeling happy or sad, without recall of any factual events or objects) was recommended. Then two independent raters were invited to classify all the responses. A 100% agreement was reached in their classification. The responses of our male participants were observed to belong to the recall category, whereas the responses of our female participants were in the feeling category. These observations provide some preliminary support to gender difference in cognitive encoding strategies. It seems that men may rely on recall of past emotional experiences to evaluate current emotional experiences, which may explain why the insula, which is important for self-induced or internally generated recalled emotions, was consistently activated in men while processing emotional stimuli, whereas women seemed to engage the emotional system more readily. This finding is consistent with the common belief that women are more emotional than men. Our findings suggest that the right insula and left thalamus may carry a specialized role in emotion recognition in men but not in women. The difference in volume of activation in the right insula and the left thalamus between the two gender groups was assessed by the Kruskal--Wallis procedure. Significance difference between the two groups was observed (P ¼ 0.037 and 0.006 for the regions with right insula and left thalamus, respectively). Owing to the sophistication of the model that was studied and tested in this study, to provide further theoretical refinement of the initial evidence for the existence of consistent activation of right insula and left thalamus in men but not women during emotion processing, future research should employ a larger sample size. Furthermore, a random effect model for comparing the differences in neural correlates of emotion processing between men and women would further inform how such sex-specific strategies for emotional processing relate to women's susceptibility to affective disorders. Furthermore, it would be interesting to further investigate how the lack of consistent insulathalamic activity contributes to the vulnerability of women to affective fluctuations. This work lays some groundwork for unlocking the neuroscientific basis of emotional functioning in men and women. It also alerts us to the fact that consideration must be given to gender in any future study of emotional processing.
